To date, a variety of definitions for breakthrough pain (BTP) have been proposed. BTP was initially defined as an unpredictable exacerbation of pain in oncological patients with chronic pain therapeutically managed by opioid drugs ([@b1-prm-19-e168],[@b2-prm-19-e168]). This definition has broadened over time to an exacerbation of pain that could be either spontaneous or associated with defined triggers ([@b3-prm-19-e168],[@b4-prm-19-e168]). BTP was considered to be a sign of end-of-dose pain ([@b5-prm-19-e168]), especially in the United Kingdom; however, this idea did not gain a general consensus in the medical community because the main features of this type of pain largely differ from pain exacerbations.

A recent systematic review highlighted the current disagreement on the definition of BTP and advocated a consensus on the assessment and classification system for BTP ([@b6-prm-19-e168]); there has also been debate over the characteristics of patients in whom painful flares can be defined as BTP ([@b7-prm-19-e168]).

BTP is observed in oncological and nononcological patients ([@b8-prm-19-e168]--[@b11-prm-19-e168]), and also in patients without background pain ([@b12-prm-19-e168]). Epidemiological data showed that BTP has a high prevalence in the population with very severe background pain ([@b8-prm-19-e168],[@b9-prm-19-e168],[@b11-prm-19-e168]), and BTP has been associated with several concurrent factors ([@b13-prm-19-e168]). In oncological patients, the prevalence of BTP ranges from 40% to 80% ([@b14-prm-19-e168]--[@b17-prm-19-e168]), while in nononcological patients it is \>55% ([@b7-prm-19-e168],[@b9-prm-19-e168]). A better knowledge of the mechanisms underlying BTP and the use of appropriate treatments appears to be necessary to increase the quality of life of patients who experience such sudden exacerbations of pain ([@b12-prm-19-e168]).

The aim of the present prospective observational study was to evaluate the frequency, duration and intensity of BTP episodes in patients with controlled or uncontrolled cancer pain at baseline. We also evaluated the effectiveness of pain treatment in improving the characteristics of BTP

METHODS
=======

The present prospective, observational study was conducted in 21 Italian outpatient pain clinics from November 15, 2012 to February 15, 2013. Consecutive patients with chronic cancer pain (Eastern Cooperative Oncology Group performance status 0 to 1) were enrolled in the study. Patients who had undergone radiation therapy, cementoplasty or analgesic procedures other than pharmacological treatments were not eligible. Written informed consent to participate was obtained from each subject before the enrollment. The study was approved by the ethics committees of the participating clinics. All data were collected using a dedicated questionnaire.

Patient data are presented according to their background pain intensity (average pain in the seven days before enrollment, according to patient recall), which was evaluated using an 11-point numerical rating scale (NRS) ranging from 0 (no pain) to 10 (worst imaginable pain). The first group consisted of patients with controlled background pain (NRS ≤3), whereas the second group included patients with uncontrolled pain (NRS scale \>3). The NRS cut-off of 3 was chosen according to WHO guidelines ([@b18-prm-19-e168]).

Pain intensity in all patients was monitored on the day of enrollment (T0), after 10 days (T1) and after 30 days (T2), and was measured using an NRS. The occurrence of pain exacerbations, their daily frequency, their mean intensity and their mean duration in minutes were evaluated at T0, T1 and T2. BTP events were defined as rapid, transitory exacerbations of pain distinguishable in intensity from the background pain, irrespective from the control of baseline pain, as reported by each patient and lasting between 30 min and 40 min. All patients continued their standard therapy for background pain, if any, and current medications were recorded at each time point. All patients started, continued or modified treatment for BTP at T0, according to the clinical judgment of their treating physicians.

All data were analysed by descriptive statistics. P values were two-sided and were determined using a repeated-measures ANOVA; P\<0.05 was considered to be statistically significant.

RESULTS
=======

A total of 665 patients provided consent and were considered for the subsequent statistical analysis. All patients completed the study. Patients characteristics are summarized in [Table 1](#t1-prm-19-e168){ref-type="table"}. A total of 116 patients had controlled background pain, whereas 549 patients were referred to participating pain clinics with poorly controlled background pain.

Pain parameters
---------------

[Table 2](#t2-prm-19-e168){ref-type="table"} presents the different pain parameters in the two groups at the different time points.

At baseline, the mean (± SD) NRS value was 2.4±0.6 in the controlled-pain population and 6.9±1.5 in patients with uncontrolled background pain (P\<0.05). The number of BTP was 2.6±1.3 in patients with controlled pain and 3.5±1.5 in those with uncontrolled pain (P\<0.05), and the BTP intensity was 6.2±2.4 and 8.1±1.8 (P\<0.05), respectively. Mean duration of exacerbation pain was 21.2±12.5 min and 25.2±11.8 min in patients with controlled and uncontrolled background pain, respectively.

The intensity of the background pain did not decrease throughout the study in patients with controlled background pain at baseline (T1: 2.7±1.1; T2: 2.5±1.0, respectively). Similarly, in these patients, the number of BTP and the mean intensity of pain exacerbations were similar to those reported at baseline. However, the mean duration of episodes of BTP was significantly lower at T1 (12.0±8.9 min compared with 21.2±12.5 min at T0; P\<0.0001); the observed decrease in pain duration persisted at T2 (P\<0.0001 versus baseline).

In patients with uncontrolled background pain at baseline, NRS of background pain was significantly reduced at T1 and T2 (T1: 5.1±1.8, P\<0.0001 versus T0; T2: 3.8±1.4, P\<0.0001 versus T0 and T1), respectively. In addition, a significant reduction in the number, intensity and duration of the pain exacerbations was recorded at both time points.

The comparison between the two groups at T1 and T2 did not reveal any significant difference in the number of BTP events. In addition, both the intensity of the pain and the duration of the BTP episodes in the two groups were similar at T1 and T2.

Pharmacological treatment
-------------------------

[Table 3](#t3-prm-19-e168){ref-type="table"} presents the analgesic treatments prescribed for the control of background pain in each group at different timepoints, while [Table 4](#t4-prm-19-e168){ref-type="table"} presents the drugs used for the treatment of BTP.

At baseline, the main drugs for background pain treatment in patients with controlled background pain were: fentanyl transdermal therapeutic system (n=32 \[27.5%\]); prolonged-release oxycodone/naloxone or nonsteroidal anti-inflammatory drugs (NSAIDs) (n=18 \[15.5%\] each); and controlled-release oxycodone controlled release or acetaminophen (n=9 \[7.8%\] each). The most commonly prescribed drugs for exacerbations of pain were buccal fentanyl tablets in 28 patients (24.1%); transmucosal fentanyl in 24 (20.7%); NSAIDs in 16 (13.8%); and oral morphine instant release in 13 (11.2%). Twenty patients (17.2%) were not under any treatment plan for BTP episodes. In patients with uncontrolled background pain at baseline, 154 patients (28%) of patients were not taking any therapy for BTP at the time of enrollment. In addition, 10 patients (1.8%) were not taking any analgesic therapy, despite the presence of uncontrolled pain. A substantial increase from T0 to T2 in the use of prolonged-release oxycodone/naloxone prolonged release (from 83 \[15.1%\] patients to 124 \[22.6%\] patients) and a significant reduction in the use of NSAID (from 53 \[9.6%\] patients to 19 \[3.5%\] patients), tramadol (from 47 \[8.6%\] patients to 13 \[2.4%\] patients) and codeine/acetaminophen (from 25 \[4.4%\] patients to 6 \[1.1%\] patients) were reported. With regard to the drugs used for the treatment of pain exacerbations, an increase in the prescription of fentanyl from T0 to T2 was reported in the different formulations (buccal tablets, from 91 \[16.6%\] patients to 187 \[34.1%\] patients; transmucosal, from 59 \[10.7%\] patients to 142 \[25.8%\] patients; and nasal spray with pectin, from 19 \[3.5%\] patients to 66 \[12.0%\] patients). Conversely, a marked reduction in the use of NSAIDs (from 105 \[19.1%\] patients to 26 \[4.7%\] patients) and immediate-release morphine (from 76 \[13.8%\] patients to 26 \[4.7%\] patients) was observed. The percentage of patients not receiving any treatment for BTP episodes at T0 decreased form 28.1% to 0%.

In patients with controlled pain at baseline, mean morphine equivalent daily doses went from 120.75±28.30 mg at T0 to 136.52±31.84 mg at T1 and 147.26±120.27 mg at T2 (P\<0.05 for T1 and T2 versus T0) (equivalence according to Hanks et al \[[@b19-prm-19-e168]\]). On the other hand, in patients with uncontrolled pain at baseline, morphine equivalent daily doses went from 93.07±113.16 mg at T0 to 109.73±56.65 mg at T1 and 127.66±58.7 mg at T2 (P\<0.05 for T2 versus T0).

DISCUSSION
==========

Although historically defined as a pain exacerbation in patients with chronic controlled pain, either oncological or nononcological in nature ([@b1-prm-19-e168],[@b2-prm-19-e168]), BTP has recently been reported to occur in patients without chronic pain as well ([@b12-prm-19-e168]). A precise definition of BTP is still under debate, and the patients in whom exacerbation of pain can be classified as BTP have not been clearly identified. Oncological patients who experience BTP show increased anxiety and depression and, more generally, a decreased satisfaction with the therapy ([@b11-prm-19-e168],[@b20-prm-19-e168]--[@b23-prm-19-e168]). This also affects the family of the patient, as well as physicians, caregivers and, more broadly, the health system ([@b19-prm-19-e168],[@b23-prm-19-e168]--[@b25-prm-19-e168]). On the above-mentioned basis, a proper management of BTP is a unmet medical need that has increasingly gained attention in the past several years.

Our study aimed to investigate the occurrence and characteristics of BTP episodes in two populations of oncological patients: subjects with and without a control of background pain at baseline. Of note, baseline pain was controlled in only \<20% of patients presenting to pain clinics, while, in the majority of patients, pain was not adequately controlled. In addition, some patients were not under any chronic pain treatment plan despite the presence of uncontrolled severe pain. A high proportion of patients was not undergoing any specific treatment for BTP. Collectively, these findings may suggest that the analgesic procedures adopted in clinical practice in the observed population of cancer patients are still suboptimal and require improvement.

While some studies reported peaks of pain intensity independently on pain treatment at baseline, other studies have shown no clear distinction between background and BTP intensity ([@b14-prm-19-e168],[@b26-prm-19-e168]). Our data show that in patients with both controlled and uncontrolled baseline pain, the increased monitoring and the prescription of treatments for BTP significantly reduced the number, intensity and duration of BTP episodes. Of note, the reduction in the duration of BTP episodes after institution of specific pharmacological management has particular relevance and has not, to our knowledge, been clearly demonstrated before. In both groups, improved monitoring and treatment of BTP was associated with an approximate 50% reduction in the duration of pain flares. However, despite a significant improvement in the symptoms, with a 50% reduction in the intensity of pain, at 30 days several patients still experienced uncontrolled pain.

The intensity of background pain, the background analgesic treatment, the intensity of BTP and their response to treatment have rarely been concomitantly assessed in epidemiological and clinical studies of BTP. Recently, Mercadante et al ([@b27-prm-19-e168]) reported the prevalence of BTP in a population of 265 patients, of whom 49 were under suboptimal background analgesia and required optimization of the analgesic treatment. Although the overall prevalence of BTP did not change with optimization of the therapy, there was an improvement in the intensity of background pain, and a decrease in the number of episodes per day of BTP with a decreased intensity and duration. The data we report here are similar, but with two major differences. First, our results were obtained in a much larger cohort of patients (549 versus 49), further corroborating the fact that BTP episodes are independent of the pain control at baseline. Second, we evaluated the reduction of BTP events after the prescription of a specific treatment for BTP. Of note, the results showed that better pain management led to a reduction in the duration of BTP episodes.

The findings of the present study may be limited by the fact that 21 unrelated Italian pain clinics provided data; whereas there are obvious disadvantages in terms of lack of homogeneity of therapeutic choices, we believe the larger numbers improve the reliability of our population sample.

Moreover, no multivariate analysis was performed to take into account the possible effect of any confounding factor on the results. However, this analysis would have been hampered by the considerable heterogeneity of the patients and the overall limited sample size. For the same reasons, it was not possible to compare the effectiveness of the different treatments prescribed.

CONCLUSION
==========

Our study shows that most Italian oncology patients presenting to pain therapy units are experiencing uncontrolled pain at baseline, suggesting the need for better management of this condition. In addition, our data show that even in patients with uncontrolled baseline pain, flares of BTP with intensity and duration similar to those observed in patients with controlled pain are observed, suggesting that poorly managed pain is not a risk factor for higher intensity and number of BTP episodes. Collectively, the results of the present observational study may pave the way for reconsideration of the definition of BTP. We speculate that our data may lead to a new, broader definition of BTP, which should also include patients with uncontrolled baseline pain.

Finally, and of major importance, strict monitoring and adequate management of BTP episodes with the prescription of appropriate drugs can lead to an improvement in the number and intensity of BTP episodes and, notably, the duration of pain flares in oncological patients.
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###### 

Characteristics of the patients entering the study

  **Characteristic**      **Baseline pain**   
  ----------------------- ------------------- ------------
  Patients, n             116                 549
    Female                51 (43.9)           262 (47.8)
    Male                  65 (56.1)           287 (52.2)
  Age, years, mean ± SD   66.9±15.8           63.7±13.8
  NRS score, mean ± SD    2.4±0.6             6.9±1.5

Data presented as n (%) unless otherwise indicated. NRS Numerical rating scale

###### 

Pain parameters in the two groups of patients at the different time points

                                                    **Baseline pain**                                                                                                                                                                                                                                   
  ------------------------------------------------- ------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------------------------------------------------
  Baseline numerical rating scale score             2.4±0.6             2.7±1.1                                                 2.5±1.0                                                 6.9±1.5^[\*](#tfn3-prm-19-e168){ref-type="table-fn"}^   5.1±1.8^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^    3.8±1.4^[†](#tfn4-prm-19-e168){ref-type="table-fn"}[‡](#tfn5-prm-19-e168){ref-type="table-fn"}^
  Mean number of BTP episodes/day                   2.6±1.3             2.5±1.1                                                 2.5±1.1                                                 3.5±1.5^[\*](#tfn3-prm-19-e168){ref-type="table-fn"}^   2.6±1.1^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^    2.1±1.0^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^
  Mean numerical rating scale score for intensity   6.2±2.4             6.0±2.2                                                 5.7±2.3                                                 8.1±1.8^[\*](#tfn3-prm-19-e168){ref-type="table-fn"}^   7.0±1.9^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^    6.2±1.9^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^
  Mean duration of the pain exacerbation, min       21.2±12.5           12.0±8.9^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^   11.7±8.9^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^   25.2±11.8                                               14.4±9.6^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^   11.7±8.8^[†](#tfn4-prm-19-e168){ref-type="table-fn"}^

Data presented as mean ± SD;

P\<0.05 versus patients with controlled baseline pain;

P\<0.0001 versus T0;

P\<0.0001 versus T1. BTP Breakthrough pain. T0 Time of enrollment; T1 10 days after enrollment; T2 30 days after enrollment

###### 

Analgesic treatments prescribed for the control of background pain

                                             **T0**   **T1**   **T2**
  ------------------------------------------ -------- -------- --------
  **Controlled background pain (n=116)**                       
  None                                       5.0      3.7      2.4
  NSAIDs                                     15.7     16.3     16.7
  Acetaminophen                              7.9      8.9      11.1
  Tramadol                                   2.1      0.7      0.8
  Codeine/acetaminophen                      0.7      1.5      0.0
  Tapentadol PR                              2.9      2.2      2.4
  Morphine CR                                6.4      10.4     7.9
  Oxycodone/acetaminophen IR                 2.9      3.0      1.6
  Oxycodone CR                               7.9      7.4      9.5
  Oxycodone/naloxone PR                      15.7     14.8     14.3
  Hydromorphone CR                           3.6      3.0      2.4
  Fentanyl TTS                               27.1     27.4     31.0
  Buprenorphine TTS                          2.1      0.7      0.0
  **Uncontrolled background pain (n=549)**                     
  None                                       1.8      0.2      0.3
  NSAIDs                                     9.6      3.1      3.4
  Acetaminophen                              13.5     13.1     13.1
  Tramadol                                   8.5      2.3      2.3
  Tramadolo/acetaminophen                    1.2      0.0      0.0
  Codeine                                    0.4      0.5      0.3
  Codeine/acetaminophen                      4.5      1.0      1.0
  Tapentadol PR                              2.1      2.4      2.1
  Morphine CR                                5.8      6.7      6.7
  Oxycodone/acetaminophen IR                 2.8      2.3      3.1
  Oxycodone CR                               8.1      8.6      8.8
  Oxycodone/naloxone PR                      15.2     23.5     22.6
  Methadone                                  0.3      0.5      0.5
  Hydromorphone CR                           4.8      9.8      11.0
  Fentanyl TTS                               19.3     22.2     21.3
  Buprenorphine TTS                          2.1      3.9      3.4

Data presented as %. CR Controlled release; IR Immediate release; NSAID Nonsteroidal anti-inflammatory drug; PR Prolonged release; T0 Time of enrollment; T1 10 days after enrollment; T2 30 days after enrollment; TTS Transdermal therapeutic system

###### 

Analgesic treatments prescribed for the control of breakthrough pain

                                             **T0**   **T1**   **T2**
  ------------------------------------------ -------- -------- --------
  **Controlled background pain (n=116)**                       
  None                                       17.5     0        0
  NSAIDs                                     13.5     17.9     15.0
  Morphine IR                                11.1     12.0     7.5
  Morphine PCA                               1.6      1.7      1.9
  Fentanyl sublingual                        3.2      3.4      3.7
  Fentanyl transmucosal                      20.6     26.5     28.0
  Fentanyl nasal spray hidrosolubiles        2.4      2.6      1.9
  Fentanyl buccal tables                     24.6     28.2     33.6
  Fentanyl nasal spray pectina               5.6      7.7      8.4
  **Uncontrolled background pain (n=549)**                     
  None                                       28.0     0        0
  NSAIDs                                     19.1     4.9      4.9
  Morphine IR                                13.8     7.7      6.0
  Morphine PCA                               1.4      0.9      1.1
  Fentanyl sublingual                        4.8      11.2     10.8
  Fentanyl transmucosal                      10.8     25.0     25.9
  Fentanyl nasal spray hidrosolubiles        2.3      5.6      5.2
  Fentanyl buccal tables                     16.5     31.8     34.0
  Fentanyl nasal spray pectina               3.4      12.9     12.1

Data presented as %. IR Immediate release; NSAID Nonsteroidal anti-inflammatory drug; PCA Patient-controlled analgesia; T0 Time of enrollment; T1 10 days after enrollment; T2 30 days after enrollment
